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1
WEATHER RADAR THREAT DEPICTION
SYSTEM AND METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is related to U.S. application Ser.
No. 13/707,438, filed Dec. 6, 2012 by Fersdahl, et al., U.S.
application Ser. No. 13/841,893, filed Mar. 15, 2013 by
Finely et al., U.S. application Ser. No. 12/075,103, filed Mar.
7, 2008 by Woodell, et al., and U.S. application Ser. No.
13/717,052, filed Dec. 17,2012 by Woodell, et al, all assigned
to the assignee of the present application and all incorporated
herein by reference in their entireties.

BACKGROUND

The present disclosure relates generally to the field of
weather display systems. More particularly, the present dis-
closure relates to a weather display system and method con-
figured to display weather threats detected by a weather radar
system.

Weather display systems are often used to alert operators of
vehicles, such as aircraft pilots, of weather hazards in the area
near the vehicle. Conventional weather display systems are
configured to display weather data in two dimensions and
often operate according to ARINC 453 and 708 standards. A
horizontal plan view provides an overview of weather pat-
terns near an aircraft mapped onto a horizontal plane. Gener-
ally the horizontal plan provides indications of precipitation
rates in the vicinity of the aircraft. Red, yellow, and green
colors are used to symbolize areas of respective precipitation
rates, and black color symbolizes areas of very little or no
precipitation. Each color is associated with radar reflectivity
range which corresponds to a respective precipitation rate
range. Red indicates the highest rates of precipitation while
green represents the lowest (non-zero) rates of precipitation.
Certain displays can also utilize a magenta color to indicate
regions of turbulence.

A vertical profile view can illustrate weather cells along a
plane for a particular set of ranges and altitudes and generally
uses the red, yellow, green, black and magenta colors
described above. Displays with vertical and/or horizontal
views have been proposed which include icons for advanced
weather threats that are not readily compatible with conven-
tional displays. For example, conventional displays are not
configured to easily display new hazards or threats, such as,
the threats associated with predictive or inferential weather
sensing systems,

Thus, there is a need for a weather information display that
provides more information than a conventional display. Fur-
ther, there is a need for a threat depiction system and method
that is compatible with conventional display platforms, such
as the A453 and A661 platforms. There is another need for a
weather radar system configured to easily display new haz-
ards or threats, such as, those associated with predictive or
inferential weather sensing systems using existing display
formats and/or standards. There is also a need for an avionic
weather radar system for and a method of displaying a core
threat, an associated threat, and a predictive overflight threat
using symbology compatible with conventional display plat-
forms.

SUMMARY

An exemplary embodiment relates to a method of display-
ing images associated with weather near an aircraft. The
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method includes sensing a core threat based at least in part on
reflectivity data from radar returns of a weather radar system
of the aircraft. The method also includes displaying the
images of the weather using at least a first color, a second
color, and a third color associated with a respective first
precipitation rate range, a respective second precipitation rate
range, and a respective third precipitation rate range. The first
precipitation rate range is less than the second precipitation
rate range, and the third precipitation rate range is more than
the second precipitation rate range. An area associated with
the core threat has the second color when a precipitation rate
of'the area is within the first precipitation rate range, and the
area has the third color when the precipitation rate of the area
is within the second precipitation rate range.

Another exemplary embodiment rates to a method of dis-
playing images associated with weather near an aircraft. The
method includes sensing an associated threat based at least in
part on reflectivity data from radar returns of a weather radar
system of the aircraft. The method also includes displaying
the images of the weather using at least a first color, a second
color and a third color associated with a respective first pre-
cipitation rate range, a respective second precipitation rate
range, and a respective third precipitation rate range. The first
precipitation rate range is less than the second precipitation
rate range, and the third precipitation rate range is more than
the second precipitation rate range. An area associated with
the associated threat is displayed as a speckled area.

Another exemplary embodiment relates to a method of
displaying images associated with weather near an aircraft.
The method includes sensing a predictive overtlight threat
based at least in part on reflectivity data from radar returns of
a weather radar system of the aircraft. The method also
includes displaying the images of the weather using at least a
first color, a second color and a third color associated with a
respective first precipitation rate range, a respective second
precipitation rate range, and a respective third precipitation
rate range. The first precipitation rate range is less than the
second precipitation rate range, and the third precipitation
rate range is more than the second precipitation rate range. An
area associated with the predictive overflight threat is dis-
played as a wedge-shaped bounded region containing the first
color, the second color or the third color.

Another embodiment relates to a system comprising an
electronic processor configured to provide the images of
weather on a display according to any of the methods
described above. Another embodiment relates to one or more
computer-readable storage media having instructions stored
thereon that are executable by one or more processors to
execute one or more of the methods described above. Still
another exemplary embodiment relates to a system or method
which implements two or three of the processes for the depic-
tion of the core threat, the associated threat, or the predictive
overflight threat described above.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure will become more fully understood from
the following detailed description, taken in conjunction with
the accompanying figures, wherein like reference numerals
refer to like elements, in which:

FIG.1is a general block diagram of a weather radar system
that may be used, for example, on an aircraft according to an
exemplary embodiment;

FIG. 2 is a more detailed block diagram of the weather
radar system of FIG. 1 according to an exemplary embodi-
ment;



US 9,244,157 B1

3

FIG. 3 is a flow diagram of a process for generating depic-
tions of weather threats using weather data sensed by the
system illustrated in FIG. 1 according to an exemplary
embodiment;

FIG. 4 is a display image of weather on a conventional
display;

FIG. 5 is a display image of the weather illustrated in FIG.
4 including a core threat according to a further exemplary
embodiment;

FIG. 6 is a display image of weather including an associ-
ated threat according to an exemplary embodiment;

FIG. 7 is a display image of weather including an associ-
ated threat according to another exemplary embodiment;

FIG. 8 is a display image of a predictive overflight threat in
accordance with another exemplary embodiment; and

FIG. 9 is a display image of a predictive overflight threat
according to yet another exemplary embodiment.

DETAILED DESCRIPTION

Before turning to the figures, which illustrate the exem-
plary embodiments in detail, it should be understood that the
application is not limited to the details or methodology set
forth in the description or illustrated in the figures. It should
also be understood that the terminology is for the purpose of
description only and should not be regarded as limiting. As
discussed below, the systems and methods can be utilized in
a number of display devices for various types of applications
or sensing systems.

Referring generally to the figures, systems and methods for
providing visual representations of weather cells in proximity
to an aircraft or other vehicle are provided. According to one
embodiment, advance weather threats can be displayed. For
example, an embodiment of the system and method described
herein can advantageously display predictive or inferred
threats such as one or more of a core threat, associated threat,
or predictive overflight threat. The threats are advantageously
depicted using display formats compatible with A453, and
A661 avionic display platforms. The display of advanced
threats such as one or more of a core threat, associated threat,
or predictive overflight threat allows more than conventional
rain gage functionality for the display.

In one alternative embodiment, the threats are also display-
able on at least one of navigation (NAV) displays, primary
flight displays, electronic flight bag displays, tablets such as
I-pad computers, synthetic vision system displays, head up
displays (HUDs), wearable displays, Google glasses, etc. In
addition, the threats can be displayed on ground-based and
remote displays by downloading altitude-based weather
models to support ground-based weather products or
unmanned avionic vehicle (UAV) operations. The threats are
displayed to quickly and intuitively provide the user (e.g., the
pilot) with a relatively complete view of the weather near the
aircraft that the user could not otherwise easily obtain.

Referring generally to FIGS. 1 through 3, systems and
methods that may be used to generate images of weather are
shown and described according to exemplary embodiments.
In some embodiments, weather threats such as core threats,
predictive overflight threats, and associated threats can be
sensed and provided to a display. The threats can be sensed
using techniques discussed in the applications incorporated
herein by reference. The threats can be sensed using weather
radar data from onboard or remote radar systems and using
data from remote or onboard sensors (e.g., visible and infra-
red cameras, temperature sensors, lightning detectors, flight
sensors, flight computers, etc.).
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Referring specifically to FIG. 1, a block diagram of a
weather radar system 200 that may be used, for example, on
a vehicle such as an aircraft is depicted according to an
exemplary embodiment. In one embodiment, system 200
may be an avionics multi-scan system manufactured by
Rockwell Collins, such as the RTA-4218 MultiScan weather
radar system or WXR-2100 weather radar system configured
in accordance with the principles described herein. System
200 includes a weather prediction module 212 (e.g., circuit,
module, or routine). Weather prediction module 212 advan-
tageously determines the presence of weather at altitudes,
ranges and locations based on a calculated value that can be
displayed to the pilot of an aircraft. Weather prediction mod-
ule 212 may be used to create a spatially correct weather
interpretation that may be displayed in the range, altitude, and
time domains. A combination of horizontal and selected ver-
tical antenna beams may facilitate the collection of radar
return data (IQ data) that can be used to compute parameters
to construct an accurate weather model. The weather model
may be altitude-based, and an estimate of the reflectivity
based on radar returns may be obtained for any scan angle,
range, and altitude combination. Weather prediction module
212 may store the altitude-based weather model in a memory
206, and the weather model may be used to extract weather
information in a defined manner (e.g., based on user actions).
Weather prediction module 212 can use storm top analysis,
cell growth analysis, inferred or direct lightning detection,
inferred or direct turbulence detection, cell height analysis,
flat plan and heading information, temperature readings, etc.,
to sense a core threat, an associated threat, or a predictive
overflight threat.

Avionics weather radar system 200 includes a weather
radar receiver/transmitter 102, a weather radar adjustable
antenna 104, a processor 208, and a memory 206 (e.g., a
multi-scan, multi-tilt angle memory). System 200 also
includes atilt control 203 for automatically controlling the tilt
angle (mechanical or electronic) of the antenna 104; this auto
control may include an additional manual control feature as
well.

Memory 206 may be capable of storing in a readily addres-
sable and rapidly retrievable manner at least two data sets
resulting from two or more antenna sweeps at different
angles. Memory 206 can include any type of machine-read-
able storage device capable of storing radar returns or asso-
ciated data for analysis/processing by processor 208. In some
embodiments, memory 206 can store parameters of a weather
model. The data in memory 206 can represent factors for a
mathematical relationship defining reflectivity as a function
of altitude in one embodiment. The data in memory 206 can
be used by weather prediction module 212 to determine
weather that should be displayed on display 110. Although a
multi-scan, multi-tilt scanning and data sets are described, it
should be understood by one of ordinary skill in the art that a
single scan of data may also be used in some embodiments.
Memory 206 can also be a three dimensional storage buffer
for storing weather radar parameters according to X, Y and Z
coordinates according to one embodiment. The storage of
radar data and the form of the weather data stored therein is
not disclosed in a limiting fashion. A variety of storage tech-
niques for weather data can be used without departing from
the scope of the invention.

Weather data can be stored in memory 206. The weather
data can be based on received horizontal and/or vertical scans.
In some embodiments, the data may be stored as a mathemati-
cal equation representation of the information. The math-
ematical equation representation may be a piecewise linear
function, piecewise nonlinear function, coefficients of a cubic
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spline, coefficients of a polynomial function, etc. that repre-
sent vertical representations of the weather based on the hori-
zontal scan data and/or horizontal representation of the
weather based on the vertical scan data. The function may be
an equation based on weather parameters that may be sensor
driven, model driven, a merger of sensor and model, etc.
Although horizontal scan data is described, alternative
embodiments may include X, Y Cartesian coordinates, rho/
theta input, latitude and longitude coordinates, altitude, etc.
Weather may be estimated for any required point in space
with the vertical dimension being the subject of the weather
equation.

Display 110 can be part of an avionic multi-function dis-
play (MFD) unit in one embodiment. In some embodiments,
display 110 may be any of a variety of display types, such as
a navigation display, an electronic flight bag, a tablet com-
puting device, a synthetic vision system, a heads up display
(HUD), a dedicated weather display, or another type of dis-
play system. In some embodiments, display 110 may be a
remote display not included within a cockpit of the aircraft,
such as a ground-based support display or remote display
configured to display information regarding whether near an
unmanned aerial vehicle (UAV).

Processor 208 may be included as part of a multi-scan,
multi-tilt angle weather radar system and may perform the
customary functions performed by a conventional weather
radar return processing unit. Processor 208 may also perform
several additional operations based upon the additional data
and/or instructions provided in memory 206. In general, pro-
cessor 208 can merge or cross qualify portions, or ranges, of
the radar returns of several different antenna sweeps at several
different tilt angles, so that a single, relatively clutter-free
image may be presented to the pilot based upon the several
separate scans. The radar returns may be processed by pro-
cessor 208 to generate a three-dimensional weather profile of
the weather near the aircraft.

System 200 may perform a scanning operation by trans-
mitting at least two beams at different tilt angles. In some
embodiments, system 200 may use a global positioning sys-
tem (GPS), terrain database, or other tool to control the tilt
control 203. Data obtained from the radar returns (e.g., retlec-
tivity data) may be stored in memory 206. For example,
known ground clutter may be removed from each of the
returns using ground clutter suppression techniques.

Referring again to FIG. 1, in some embodiments, processor
208 may be configured to store parametric characteristics of
the vertical extent of the weather in memory 206 instead of
detecting and storing the entire reflectivity profile in a tradi-
tional three-dimensional memory. For example, since the
radar knows current altitude and outside air temperature,
processor 208 can be configured to estimate the altitude of the
local atmospheric freezing layer. Further, processor 208 can
estimate the height of the troposphere based on latitude, sea-
son, or more precise FMS data. Using this information and
radar elevation scan data collected from scanning processes
(e.g., normal MultiScan two-tilt or three-tilt processes), pro-
cessor 208 may generate a linear fit of the reflectivity data
from the ground to the freezing layer and another linear fit
between the freezing layer and top of the troposphere. Details
associated with the vertical profile in this embodiment can
include the ground height, freezing layer height, the tropo-
sphere height, the reflectivity level at ground level, the reflec-
tivity level at freezing layer, and the reflectivity level at the
troposphere top. This information is sufficient to generate a
function which can generate vertical reflectivity at any alti-
tude. In some embodiments, the reflectivity data may be
generated at or near a time of rendering an image of the
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weather on display 110 by extrapolating the vertical weather
data in real-time or near real-time. In some embodiments, the
reflectivity data may be generated some amount of time in
advance of rendering on display 110 and stored in memory
106 (e.g., a three-dimensional memory).

Some embodiments may use more complex curve fits.
Specific curve fits can be utilized depending on geographical
location, time of day, time of year, etc. For example, over
Europe, a linear curve fit may suffice to determine vertical
reflectivity between freezing layer and troposphere height
whereas a second order fit may be required over the equatorial
Pacific. A tag can be given to each cell denoting the specific
order of the data fit and, correspondingly, the method used to
obtain vertical data from the stored parameters. As additional
data is collected, perhaps through dedicated vertical scans of
convective cells, the functions can be updated or increased in
complexity in order to improve their accuracy.

This process allows a rapid assessment of vertical cell
extent, cell growth, cell tops, etc. with a minimum of data.
Rapid assessment may significantly increase the speed of
such an assessment in turns or during initial radar power up.

Processor 208 may process weather radar returns to iden-
tify or sense the presence of weather in front of or in view of
the aircraft. Weather prediction module 212 may utilize the
altitude and the range to the weather to generate a vertical
profile associated with the weather. Weather prediction mod-
ule 212 may scan across an array of azimuths to generate a
three-dimensional weather profile of the weather near the
aircraft, which may be stored for later presentation or imme-
diately presented on display 110. Threats can be displayed on
either view 111 or 113 or both view 111 and 113.

In some embodiments, additional visual indicators other
than the representation of weather and indications of the core
threat, the associated threat or the predictive overflight threat
are provided on views 111 or 113. In some embodiments, a
range and bearing matrix having range markers indicating
distance from a current position of the aircraft and bearing
markers indicating azimuths from a current flight path or
bearing of the aircraft may be provided and may assist the
pilot in cognitive recognition of weather features from the
pilot’s perspective.

Weather prediction module 212 can determine a core threat
or core hazard assessment by inferring the presence of light-
ning and hail and by measuring reflectivity as a function of
altitude within a highly reflective weather region. When light-
ning, hail or probability of convection within a reflective
region is high, weather production module 212 senses a core
threat and can adjust the color levels of weather provided on
display 110 to represent the core threat or core hazard assess-
ment to the pilot. In one embodiment, weather is displayed in
accordance with protocols where red represents a high pre-
cipitation rate range (or high radar range of reflectivity),
yellow represents a mid precipitation rate range (or mid range
of radar reflectivity) and green represents a low precipitation
rate range (or low range of radar reflectivity). In addition,
magenta can be utilized to indicate turbulence regions. The
core threat is shown as an adjusted color level corresponding
to a higher precipitation rate in one embodiment.

Accordingly, the adjustment of the color more accurately
reflects the environmental conditions that the aircraft will
most likely encounter. Regions with lower rain rates that are
associated with a core threat (e.g., associated with lightning
and hail) are as dangerous as regions of higher rain rates
without core threats. Advantageously, the use of existing col-
ors and adjustment thereof for core threat depiction allows
conventional display protocols and electronics to be used
without major changes to display formats.
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Weather prediction module 212 can also provide an asso-
ciated threat or associated hazard assessment. An associated
threat is comprised of both high altitude and low altitude
environmental predictions of lightning, hail and/or turbu-
lence. Low altitude threats can be predicted by algorithms
that determine when the environment is conducive to produce
either cloud-to-cloud or cloud-to-ground lightning. High alti-
tude threats can be predicted by algorithms that determine the
presence of tall convective cells that reach high altitudes and
bloom outward into familiar anvil shapes of a cumulonimbus
cell. The anvil portion of the cell reflects radar energy very
poorly but is associated with a number of hazards including
lightning, hail and turbulence. By sensing the anvil portion
using techniques described in the applications incorporated
herein by reference, weather prediction module 212 can
determine an area associated with an associated threat. Storm
top analysis can be utilized to identify tall convective cells
that bloom outward in one embodiment. Using the relation-
ship between temperature and reflectivity can identify asso-
ciated threats in one embodiment. Higher reflectivities at
lower temperatures indicate areas of hazards such as hail in
one embodiment.

In one embodiment, an associated threat can be a presence
of high altitude ice crystals. Processor 208 and module 212
can use the techniques described in U.S. application Ser. No.
13/841,893 filed Mar. 15, 2013 by Finely et al, incorporated
herein by reference to identify regions of high altitude crystal
ice.

Processor 208 causes display 110 to display areas associ-
ated with an associated threat (e.g., high altitude threat, low
altitude threat, ice crystal threat) as uniformly organized
speckles of red or yellow color in one embodiment. The
speckled pattern can either be bounded or unbounded and can
have a variety of shape profiles including rounded or straight
edges. The speckles can vary in shape and size based on
selected range, determined threat level and spatial extent. For
example, if the threat is close, the speckles can be made larger,
or if the associated threat is large, the speckles can be made
larger. The speckled pattern can be bounded by a color which
is not red, or yellow in one embodiment.

Weather prediction module 212 can also sense a predictive
overflight threat. A predictive overflight threat is determined
when a cell is growing from low altitudes below the aircraft
flight altitude. Generally in conventional systems, such low
altitude weather is removed from the display when it is far
below the aircraft since it is not significant to aircraft opera-
tions. However, if such low altitude weather is growing and it
is within the flight path of the aircraft, such weather can pose
apredictive overflight threat. Weather prediction module 212
can utilize position information, time information and flight
path information as well as sensing a growing cell to deter-
mine that a growing cell is within the flight path of the aircraft
and provide a display icon for the predictive overflight threat
in one embodiment.

In one embodiment, a predictive overflight threat display
icon can be a boundary containing uniformly organized
speckles, (e.g., red or yellow). The boundary can be wedge
shaped having two linear segments that diverge from each
other and two curvilinear segments connecting the two linear
segments in one embodiment. The boundary color can be the
same or different as the speckled colors. According to another
embodiment, a target-shaped pattern using weather colors
can be provided within the wedge-shaped boundary to depict
the predictive overflight threat.

With reference to FIG. 2, processor 208 of system 200 can
receive additional parameters associated with the weather
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radar return data. The additional parameters can be utilized to
improve the quality of the weather prediction.

Processor 208 can provide a mean velocity parameter 260
and a spectral width parameter 262 derived from weather
radar returns. Alternatively, other types of velocity param-
eters can be utilized. In addition, processor 208 can provide a
reflectivity parameter 264 and a range parameter 268 to cir-
cuit 212. Computed range or range parameter 268 along with
scan angle position can be used to plot the position of weather
on display 110. Processor 208 can also receive a temperature
parameter 66, an azimuth 68, a position 70, a date 72, flight
plan 75 and time 74. Alternatively, a separate temperature
sensor 66 can be coupled to processor 208. Parameters 260,
262, 264, and 268 can be computed by processor 208 using
data stored in memory 206.

Processor 208 can use parameters 260, 262,264, and 268 to
determine hazards. Parameters 260, 262, 264, and 268 can
also be used to improve the quality of the weather prediction.
For example, if processor 208 determines that the weather
includes a convective cell that is growing, that characteristic
can be considered when determining the height and/or other
characteristic of the weather as discussed above.

With reference to FIG. 3, a flowchart illustrates a process
140 in which processor 208 of system 200 provides signals,
either directly to receiver/transmitter circuit 102 or indirectly
through memory 206, to provide radar beams at radar antenna
104. In some embodiments, process 140 may be implemented
using instructions stored on a machine-readable medium
(e.g., memory 206) and executed on a processor (e.g., pro-
cessor 208). Processor 208 may be configured to operate
system 200 as a pulse Doppler multi-scan, multi-tilt angle
radar system or a volumetric radar system in which radar
beams are produced at more than one tilt angle. Processor 208
receives radar returns through receiver/transmitter circuit
102.

Processor 208 can receive the radar returns (or signals/data
related thereto) directly or through memory 206 at a step 142.
Receiver/transmitter circuit 102 can be a single path or can
have separate circuits for a receive path and a transmit path.
Processor 208 may determine power associated with the radar
returns.

Processor 208 processes the weather radar returns to deter-
mine the presence of weather and the altitude and range of
weather (e.g., based on reflectivity) (144). In one embodi-
ment, the altitude of weather can be determined by comparing
power levels of radar returns at different tilt angles.

Weather prediction module 212 can generate a weather
profile at a given range and over a defined altitude. Weather
prediction module 212 can generate a vertical profile for a
given range and azimuth at an altitude or an altitude range for
the weather. Module 212 uses inferential detection tech-
niques to determine advanced threats (e.g., core threat, asso-
ciated threat, or predictive overflight threat) at a step 146. The
threats are displayed at a step 160.

With reference to FIG. 4, a conventional display displays
weather 402 having a first color 404, a second color 406 and
a third color 408. Colors 404, 406 and 408 symbolize a
respective precipitation rainfall rate range.

With reference to FIG. 5, weather 402 is also shown on a
display 500 according to an exemplary embodiment. How-
ever, display 500 shows core threats 502 indicated by an
increased color level according to one embodiment. As can be
seen, color level 406 includes a region 502 which has a color
level 408. The increased color level is dueto the sensing of the
core threat, not the precipitation rainfall rate according to one
embodiment.
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With reference to FIG. 6, a display 600 of weather 602
includes associated threats shown in speckled regions 608
according to one embodiment. Regions 608 have linear bor-
ders and are uniformly-distributed as colored speckles (yel-
low or red). With reference to FIG. 7, image 700 of weather
602 includes associated threat areas 708 indicated by speck-
led regions with rounded corners in one embodiment.
Rounded corners provide a more weather-like appearance as
opposed to square corners according to one embodiment. In
one embodiment, rounded edges allow the pilot to more eas-
ily follow a flight path along a tangent to the rounded corner
when avoiding the associated threat.

With reference to FIG. 8, a display 800 shows a predictive
overflight threat as an icon 802. Icon 802 includes diverging
linear segments 804 and curvilinear segments 806 and 808 in
one embodiment. Segments 804, 806, and 808 can be any
color (e.g., magenta, red, yellow, green, etc.) In one embodi-
ment, segment 806 has a greater arc length than segment 808.
With reference to FIG. 9, a display 900 includes a predictive
overflight threat as an icon 906. Predictive overflight threat
icon 906 is a wedge-shaped icon and includes a target-shaped
symbol 908 including three colors in one embodiment. The
three colors can be displayed in any order. In one embodi-
ment, the symbol 908 includes a green ring, a yellow ring and
a red circle in a target configuration. The green ring is the
larger than the yellow ring in on embodiment.

Weather prediction module 212 can be implemented using
hardware, software, or a combination thereof. In one embodi-
ment, module 212 is a software routine that operates within
processor 208. Although shown as part of processor 208,
module 212 can be a separate circuit or be provided between
display 110 and processor 208. According to one embodi-
ment, module 212 can be implemented upon its own proces-
sor platform. In some embodiments, weather prediction mod-
ule 212 determines the range and altitude associated with the
sensed weather. The range and altitude may be used so that
weather prediction module 212 can generate a vertical profile
for sensed weather. One or more vertical profiles may be used
to generate a three-dimensional weather profile of weather in
proximity to the aircraft for display on display 110.

The disclosure is described above with reference to draw-
ings. These drawings illustrate certain details of specific
embodiments that implement the systems and methods and
programs of the present disclosure. However, describing the
disclosure with drawings should not be construed as impos-
ing on the disclosure any limitations that may be present in the
drawings. The present disclosure contemplates methods, sys-
tems and program products on any machine-readable media
for accomplishing its operations. The embodiments of the
present disclosure may be implemented using an existing
computer processor, or by a special purpose computer pro-
cessor incorporated for this or another purpose or by a hard-
wired system. No claim element herein is to be construed
under the provisions of 35 U.S.C. §112, sixth paragraph,
unless the element is expressly recited using the phrase
“means for.” Furthermore, no element, component or method
step in the present disclosure is intended to be dedicated to the
public, regardless of whether the element, component or
method step is explicitly recited in the claims.

As noted above, embodiments within the scope of the
present disclosure include program products comprising
machine-readable storage media for carrying or having
machine-executable instructions or data structures stored
thereon. Such machine-readable storage media can be any
available media which can be accessed by a general purpose
or special purpose computer or other machine with a proces-
sor. By way of example, such machine-readable storage
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media can comprise RAM, ROM, EPROM, EEPROM, CD
ROM or other optical disk storage, magnetic disk storage or
other magnetic storage devices, or any other medium (e.g.,
non-transitory medium) which can be used to carry or store
desired program code in the form of machine-executable
instructions or data structures and which can be accessed by
a general purpose or special purpose computer or other
machine with a processor. Combinations of the above are also
included within the scope of machine-readable storage
media. Machine-executable instructions comprise, for
example, instructions and data which cause a general purpose
computer, special purpose computer, or special purpose pro-
cessing machine to perform a certain function or group of
functions.

Embodiments of the disclosure are described in the general
context of method steps which may be implemented in one
embodiment by a program product including machine-ex-
ecutable instructions, such as program code, for example, in
the form of program modules executed by machines in net-
worked environments. Generally, program modules include
routines, programs, objects, components, data structures,
etc., that perform particular tasks or implement particular
abstract data types. Machine-executable instructions, associ-
ated data structures, and program modules represent
examples of program code for executing steps of the methods
disclosed herein. The particular sequence of such executable
instructions or associated data structures represent examples
of corresponding acts for implementing the functions
described in such steps.

Embodiments of the present disclosure may be practiced in
a networked environment using logical connections to one or
more remote computers having processors. Logical connec-
tions may include a local area network (LAN) and a wide area
network (WAN) that are presented here by way of example
and not limitation. Such networking environments are com-
monplace in office-wide or enterprise-wide computer net-
works, intranets and the Internet and may use a wide variety
of different communication protocols. Those skilled in the art
will appreciate that such network computing environments
will typically encompass many types of computer system
configurations, including personal computers, hand-held
devices, multi-processor systems, microprocessor-based or
programmable consumer electronics, network PCs, servers,
minicomputers, mainframe computers, and the like. Embodi-
ments of the disclosure may also be practiced in distributed
computing environments where tasks are performed by local
and remote processing devices that are linked (either by hard-
wired links, wireless links, or by a combination of hardwired
or wireless links) through a communications network. In a
distributed computing environment, program modules may
be located in both local and remote memory storage devices.

An exemplary system for implementing the overall system
or portions of the disclosure might include a general purpose
computing device in the form of a computer, including a
processing unit, a system memory, and a system bus that
couples various system components including the system
memory to the processing unit. The system memory may
include read only memory (ROM) and random access
memory (RAM) or other non-transitory storage medium. The
computer may also include a magnetic hard disk drive for
reading from and writing to a magnetic hard disk, a magnetic
disk drive for reading from or writing to a removable mag-
netic disk, and an optical disk drive for reading from or
writing to a removable optical disk such as a CD ROM or
other optical media. The drives and their associated machine-
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readable media provide nonvolatile storage of machine-ex-
ecutable instructions, data structures, program modules, and
other data for the computer.

It should be noted that although the flowcharts provided
herein show a specific order of method steps, it is understood
that the order of these steps may differ from what is depicted.
Also two or more steps may be performed concurrently or
with partial concurrence. Such variation will depend on the
software and hardware systems chosen and on designer
choice. It is understood that all such variations are within the
scope of the disclosure. Likewise, software and web imple-
mentations of the present disclosure could be accomplished
with standard programming techniques with rule based logic
and other logic to accomplish the various database searching
steps, correlation steps, comparison steps and decision steps.
It should also be noted that the word “component” as used
herein and in the claims is intended to encompass implemen-
tations using one or more lines of software code, and/or
hardware implementations, and/or equipment for receiving
manual inputs.

The foregoing description of embodiments of the disclo-
sure have been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the
disclosure to the precise form disclosed, and modifications
and variations are possible in light of the above teachings or
may be acquired from practice of the disclosure. The embodi-
ments were chosen and described in order to explain the
principals of the disclosure and its practical application to
enable one skilled in the art to utilize the disclosure in various
embodiments and with various modifications as are suited to
the particular use contemplated.

What is claimed is:

1. A method of displaying images associated with weather
near an aircraft performed by a weather radar system, the
method comprising:

sensing, by a processor of a weather radar system, a core

threatbased at least in part on reflectivity data from radar
returns of the weather radar system of the aircraft; and

causing, by the processor of the weather radar system, a

weather radar display system to display the images of
the weather using at least a first color, a second color, and
a third color associated with a respective first precipita-
tion rate range, a respective second precipitation rate
range, and a respective third precipitation rate range;
wherein the first precipitation rate range is indicative of
less precipitation than the second precipitation rate
range and the third precipitation rate range is indicative
of more precipitation than the second precipitation rate
range, wherein an area associated with the core threat
has the second color when a precipitation rate of the area
is between the first precipitation rate range and the area
has the third color when a precipitation rate of the area is
between the second precipitation rate range.

2. The method of claim 1, further comprising:

sensing, by the processor of the weather radar system, an

associated threat; and

causing, by the processor of the weather radar system, the

weather radar display system to display an area associ-
ated with the associated threat as a speckled area.

3. The method of claim 2, wherein the specked area is
bordered.

4. The method of claim 2, wherein the first color is green,
the second color is yellow and the third color is red, wherein
the speckled area includes uniformly distributed yellow or red
dots.

5. The method of claim 1, further comprising:

sensing, by the processor of the weather radar system, a

predictive overflight threat; and

causing, by the processor of the weather radar system, the

weather radar display system to display an area associ-
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ated with the predictive overflight threat as a wedge-
shaped bounded region containing the first color, the
second color or the third color.

6. The method of claim 5, wherein a boundary for the
wedge-shaped bounded region is a fourth color different than
the first color, the second color and the third color.

7. The method of claim 5, wherein the wedge-shaped
bounded region includes uniformly distributed green, yellow
and red dots.

8. The method of claim 5, wherein the wedge-shaped
bounded region includes a target pattern including green,
yellow, and red colors.

9. The method of claim 5, wherein the wedge-shaped
bounded region includes two diverging segments, each con-
nected to two curvilinear segments.

10. A system for displaying images associated with
weather near an aircraft, comprising:

at least one processor coupled with a non-transitory pro-

cessor-readable medium storing processor-executable

code for causing the at least one processor to:

sense an associated threat based at least in part on reflec-
tivity data from radar returns of a weather radar sys-
tem of the aircraft; and

cause a weather radar display system to display the
images of the weather using at least a first color, a
second color, and a third color associated with a
respective first precipitation rate range, a respective
second precipitation rate range, and a respective third
precipitation rate range, wherein the first precipitation
rate range is less than the second precipitation rate
range and the third precipitation rate range is more
than the second precipitation rate range, wherein an
area associated with the associated threat is displayed
as a speckled area.

11. The system of claim 10, wherein the non-transitory
processor-readable medium further stores processor-execut-
able code for causing the at least one processor to:

sense a core threat, wherein an area associated with the

core threat has the second color when a precipitation rate
of the area is between the first precipitation rate range
and the area associated with the core threat has the third
color when a precipitation rate of the area is between the
second precipitation rate range.

12. The system of claim 11, wherein the non-transitory
processor-readable medium further stores processor-execut-
able code for causing the at least one processor to:

sense a predictive overflight threat; and

cause the weather radar display system to display an area

associated with the predictive overflight threat as a
wedge-shaped bounded region containing the first color,
the second color or the third color.

13. The system of claim 12, wherein the non-transitory
processor-readable medium further stores processor-execut-
able code for causing the at least one processor to cause the
weather radar display system to display the images of the
weather using ARINC 453 and 708 standards of operation.

14. The system of claim 12, wherein a boundary for the
wedge-shaped bounded region is a fourth color different than
the first color, the second color and the third color.

15. The system of claim 10, wherein the associated threat is
associated with an anvil region or high altitude ice.

16. The system of claim 10, wherein the associated threat is
a low altitude threat.

17. A method of displaying images associated with weather
near an aircraft performed by a weather radar system, the
method comprising:

sensing, by a processor of a weather radar system, a pre-

dictive overflight threat based at least in part on reflec-
tivity data from radar returns of the weather radar system
of the aircraft; and
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causing, by the processor of the weather radar system, a
weather radar display system to display the images of
the weather using at least a first color, a second color, and
a third color associated with a respective first precipita-
tion rate range, a respective second precipitation rate 5
range, and a respective third precipitation rate range,
wherein the first precipitation rate range is less than the
second precipitation rate range and the third precipita-
tion rate range is more than the second precipitation rate
range, wherein an area associated with the predictive 10
overflight threat is displayed as a wedge-shaped
bounded region containing the first color, the second
color, or the third color.

18. The method of claim 17, wherein a boundary for the
wedge-shaped bounded region is a fourth color different than 15
the first color, the second color and the third color.

19. The method of claim 18, wherein the wedge-shaped
bounded region includes uniformly distributed green, yellow
and red dots.

20. The method of claim 19, wherein the wedge-shaped 20
bounded region includes a target pattern including green,
yellow, and red colors.
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